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Purpose ; 

elearlcll^JL^i 8 ""H "5! t0 8ho * the Potential «se of tissue 
the^S^X?! £ e dS * fe ? dback Parameter for the control . of 
therapeutic Radio Frequency. (R.f;) energy. --. 

•^^ 1 fJS^ 0 r' ,,l ^^* ,tom 0f elec tromagneticv*nergy,wlth an 
'limit li '5 etwe ! n mm and 2MHZ - ^eylo*rf.requency 
+2 till J etermlned by 1 the physiological stimulation: ohauscieV iand 
the high frequency Is limited byvthe. physics of the', d^^ta. 

Nikola Tesla Mrst. Introduced R.F,!, energy to the.; aclentifie- « 

iLtllJl ' _ The . principle of R.F.-.energy was^adopted* by':Bovie >.ln - - 
E I J SB2S'5 f p eai>Iy elCC , t P08ur 8^ al ™"s t*M.l> The early ,\; 
inert* t* Ji! m '** ?? ergy f0P cut tlng^hd. coagulation- by delivering 
E^urfacl ar 88 " 6 J hP0Ugh °* electrodes consisting.of * - 

eSftr^ a fL a f \ ?J UPn elec trode,and a small, surface area: * ... 
l\tll2t ? la ? ed at the surgical site. The area of the return • 
tnlrll d e n« 8 tu a rS e en ° Ugh t0 mlnljnlze the heat, created, by the R.F. 
^JS.!! I I and conver eely the area of the-.actlve^eleetrode Is 

■ilS^t^ktl?-.^ lnt0 a sma11 

ne/deJlf oJ e J;f; U 'r 8 * ere lntroduce,J 1" the sixties and offered a 
Miction in fSf !J y for the patient and surgeon In addition to the 
I n ni5i.M,i he 8 , ze and Keight of the units. Furthermore, Bi-Polar 

• others Bl polar o?; e8tl ? ated , and advanced b * Malls ' Greeniooa and 
f« B1 p0 J ar offers the advantage of containing the R.F. energy 

to tit l n S n a "\ h(>t " een the tines of 81 Polar fSrleps in cont?aSt y 
to the monopolar energy path. 

fo/cSrSlarab^t?^ 11 ? 8 " 0 ",^ ?; P * energy 18 U ' 8 mtrovascular use 
recaSali^ini in % th ?™ al ball oo« angioplasty (R.F. T.B.A.) and 
Say in tl»\J£\ Jackman, et al, Z have shown that an accessory 
bj SpljlSr S% Ini a L C H n J UCti0n 8y8tenl can be successfully ablated 
tL Uft vfn?;J; a ? e „5 y a DetWee 2 an P la «ed at the anulus of 

in the coJoJa^ SnI nd , a 8ec on<J electrode placed directly opposite it 

current aSd a nif 8 J 8 (PigUre lK Durln « the ^plication of energy, 
current and voltage are recorded and are used to derive impedance. 
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* <s™! er L W 00 ? ^S^Pl^ty .was introduced, by. J..;Richapdv '.-•"* ■ • 
ii li i^A^ \ ~*2 -to fv reducfi. the restenpsiS: rate, associated 

-■22.fSj£^ t ft » eat ^generated in the vessel wails, by laser = V. 
clwStfv "f* i°\° f t" an 8i0Pl«*r balloon. Radio frequency, is 

•jSSl2ifkI?fJ s^y ^r^.B. A., because of its low. cost as. well U 

^SCJi iiiJSi° f ufcll J 2i - , « ^f , change in tissue Impedarae^* :, .. 

^bSSSJ m^^L^T 6 ^: ^ R > ? >' oalloon 18 mad? up,of aXsit^f; 
"! J iwiJIif J °* de P° slted on a standard angioplasty balloon, • The r 
the\re£e£ tLllll * ^e tissue between the electrodes with, 

elect JnJi! 1 current density located at the spacing between the 

tiS5rlSi^JSJ5 ll0 °?\ ° U !:i ng the a PP llca "<>n of the energy, the 
JllrL? II deh * dra * e rising the Impedance of that tissue and 
altering the current path with heat In a dynamic way. 

1H ?! Ca "fJl 8atlon wlth R - p - ener 87 is shown in. Figure 2. The. object 
ii. n » c ^ ate w na f lnura current density at the distal electrode 
plaque/thrombi location with minimum heat dissipated by both 

thebES 8 ;* IS! ° Urr ! nt P a ! aln 8 fchro ««h the tissue returns through 
ion«i;?«J t0 J he P™ 1 " 81 electrode similar to that of the Bovie 
iT2£!E S f ; ™earea and conductance of the proximal electrode 
IftJ ?? £ mlnl °^ e heating of the blood and/or tissue In contact 
electro^ 2£ wfif t ^Plication of energy, the tissue at the distal 
tllJXi J ? "Pi be heated by the associated high current density 
£ ° rCe » the c& theter can be advanced and the vessel 

SES TJ* 8een that tl88ue h 8a tmg Is a function of 

current density and the electrical and thermal impedance. 
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pi cure 2. RF RECANAUZATION: 



A 8 imple-. equivalent circuit ( Figured ionai*fc R *>f *n p v 
<C?1:"$? J?A "V ln ■ eM " """' We- tl?^' 'q"l»»l«t tlncuit:., 
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FIGURE J. CgoiriLOT CITOIlr 
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I 01 ^? a 5 d cuprent are measured and the impedance between 

J5 e el ; 0tr 2 de J 4,1,1 the chan * e8 ln the **Pedance indicates 
what is happening, during the applications of R.P. energy. 




. Figure .4 shows tracings of current (top) and impedance -during. 
. animal cardiac; ablation (Zipes 1983). The? impedance develops a-i 
: 29i-t&-^ ? ^' r ^ *"-*F folIo ^:*y ^ abrupt change- in slope; 



an 
And 




•IaI??" 5 18 dat \ from an an ^l R.P. T.B.A., the initial impedance 
slope is also negative but not as dramatic as in Figure 
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PIOURE 6. SIMPLIFIED LARGE ELECTRODE CIRCUIT 

The equivalent circuit (Plgure 6) illustrate the Bi-Polar 
electrodes of a R.F. T.B.A7- balloon divided into 100 equal- sets - . 
containing tissue Impedance of lOJf ohms each, resulting inU- parallel 
resistance of 100 ohms/ The'cliaStge of 5K ohms In ons set- Result in a 
change in the parallel re4tej^c^"of 1 ohm. - :.: 
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PIOURE 7- OBSERVED Dm 



Figure 7 Is an attempt to explain the observed data in terras of 
current density, heat, time and impedance. Figure 7a is a 
representation of the tissue between Bi-Polar electrodes consisting 
of electrolytes and cells. During the application of R.F. current 
through the tissue, heat is generated and causes an initial reduction 
in impedance (see Figure 7b) followed by a slope change, and a rapid 
rise in impedance. It was observed that during the rapid impedance 
rise, the tissue adjacent to the electrodes dehydrates, blanches and 
is followed by encrustation. The encrustation appears to trap the 
steam beneath the surface until the pressure causes rupturing. This 
is Allowed by reduction in. impedance created by the new pathways. 
Continuation of the energy re-establishes the positive slope and 
leads to carbonization. " 
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riOURE 8. 'CAR&UC' : ^BUTICW DATA-*' 



Figure 8 illustrates the Biiilarity : " ^ Figure . 7 and the .actual. .: 
cadlac ablation data. This tmpejiance^ inf praation. is used ta liiit- 
the applied.energy by establishing • slope-, and impedance cut-pfcV 
point/ The block .diagram, Figure r 9 :K W 

.feedback system utilizing a ^ microprocessc^. . based controller. *..",.,; 
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FIGURE 9. IMPEDANCE FEEDBACK 
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Summary : 

Tissue Impedance may allow the titration of energy during T.B.A., 
ablation and recanallzation. Further studies need to be conducted to 
explain the Impedance changes in normal and diseased human arteries* 
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